This article is an annotated bibliography on the topic of nurse staffing and patient care outcomes in the acute care setting. The authors have been involved in the developmental and pilot phase of the Veterans Affairs Nursing Outcomes Database project to build a database of acute care nursing-sensitive quality indicators. In the section preceding the annotated bibliography, a context for the development of this literature review is explained and a summary synthesizing key issues is presented.
In the last 15 years, there have been substantial changes in the organizational structure and staffing patterns of hospitals in the United States. These changes, often referred to as "reorganization" or "reengineering," resulted in reduced numbers of professional nursing staff, with a subsequent increase in unlicensed assistive personnel. 1, 2 Concomitantly, healthcare reimbursements changed, resulting in shorter lengths of hospital stay with higher patient acuity levels; fewer registered nurses (RNs) are taking care of larger numbers of sicker patients in addition to supervising unlicensed assistive personnel. Since most hospital departments are affected by hospital cost-cutting efforts, nurses frequently assume duties formerly performed by ancillary staff (eg, respiratory therapy treatments, housekeeping chores). This has caused widespread dissatisfaction among nurses, worsening an already problematic nursing shortage and causing concern about quality of care. Nurses know intuitively that nursing care has a huge impact on patient outcomes. However, intuition is no substitute for evidence. The consequence of these changes on patient care outcomes and medical care quality is just now starting to be quantified.
Increasingly, legislators, business leaders, payers, and the public demand proof of quality patient care. Regulatory and accrediting bodies such as the Joint Commission on Accreditation of Healthcare Organizations (JCAHO) and Medicare, as well as professional groups, are moving healthcare toward data-driven and evidence-based practice. As a result, the relationships between patient safety and appropriate staffing levels are a key area of inquiry.
The American Nurses Association (ANA) responded in 1995 by launching the Safety and Quality Initiative to measure the impact of care by RNs on patient outcomes. This resulted in a call to state-level nursing groups to participate in the development of a national nursing database, the National Database of Nursing Quality Indicators (NDNQI). One of the ANA-supported statewide projects is the California Nursing Outcomes Coalition (CalNOC) database.
Since 1996, CalNOC has operationalized and tested nurse-sensitive indicators and worked with California acute care facilities to gather data. In consultation with CalNOC, Army nurse researchers successfully piloted an Army Nursing Outcomes Database. Owing to its timeliness and popularity, expansion is now tri-service, including the Army, Navy, and Air Force, and renamed the Military Nursing Outcomes Database (MilNOD). Clearly, data on common nursing-sensitive indicators are being gathered in various parts of the country by other health systems and facilities. Examples of nursing-sensitive indicators are patient fall rates, pressure ulcer prevalence, central line infection rates, nurse satisfaction, patient satisfaction, skill mix, and nursing care hours worked per patient day.
The Project
The Veterans Affairs (VA) Office of Nursing Services initiated the VA Nursing Outcomes Database (VANOD) project in 2002 with the intent of developing a database of clinically relevant nursing indicators across the continuum of care, initially focusing on acute care settings. The VANOD will provide an evidence base for evaluating nurse staffing and practice environments in relation to patient outcomes. It will eventually supply comparison data to local and national VA quality improvement projects. Ultimately, these data will be useful in a variety of ways, including determination of appropriate nurse staffing levels, quantifying the impact of patient care interventions, identifying successful nurse retention and recruitment strategies, and health policy decision making. The VA, which is the nation's largest healthcare provider and has a common database, is well positioned to be a leader in using evidence to test demonstrable best nursing practices.
During the VANOD pilot phase, the need for education about nurse staffing and patient outcomes prompted an extensive literature search. Medline and Cinahl databases were searched using the search phrase "nurse staffing and patient outcomes" for articles published between 1998 and 2004. Expert nurse researchers recommended articles, and reference lists were cross-referenced. Clearly, interest in this topic is growing, with many research articles published in the past 7 years. This annotated bibliography evolved to provide a core resource for the VANOD stakeholders.
Synthesis and Key Issues
The following bibliography contains articles that examine the effect of total nursing hours and proportion of licensed nurses on a variety of patient outcomes in acute care settings. The majority of articles found an association between fewer adverse events in hospitals and a higher percentage of RNs with more nursing hours worked per patient day. [3] [4] [5] [6] [7] [8] [9] [10] [11] Paradoxically, one author found that while there were fewer adverse events with higher nurse staffing and skill mix, the association changed at a certain threshold of RN hours, and then there was a corresponding increase in adverse events. 4 Another author suggested that outcomes may be specialty-specific, and that nursing hours and patient outcomes should only be reported for a specific homogenous patient group rather than for all types of patients. 12 This view is corroborated in 2 recent review articles 2,13 on nurse staffing and patient outcomes. Both authors stress the need for and importance of consistency in data definitions and measurement tools for use in patient outcomes studies. Areas needing consensus include data definitions, unit specialty types, patient classifications (eg, case mix, acuity levels), and nurse staffing calculations (eg, skill mix and nursing hours). In addition to consistent, reliable, and valid measurement methods, large amounts of data are needed to provide significance for findings and develop research-based staffing guidelines.
14 Likewise, the significance of adverse patient events is as yet unknown, and risk stratification for different types of adverse patient events, such as pressure ulcers or medication errors, need to be developed. 2, 13 Given the rapidly growing interest in the issue of nurse staffing and patient outcomes, the following annotated bibliography can be considered a primer for nurses. Nursing is in an exciting era as the profession strives to provide objective evidence of its impact on patient care, makes improvements on the basis of quantified objective data, and takes charge of its destiny. The American Nurses Association commissioned a study using data from 9 states to quantify relationships between nurse staffing and patient outcomes from a large-scale cross section of the nation's hospitals. Nurse staffing data were developed from Health Care Financing Administration data sources and compared to patient information all-payer data sets, including Medicare. Five outcome measures were used: length of stay, pneumonia, postoperative infections, pressure ulcers, and urinary tract infections. The authors' hypothesis of patient adverse events being lower in hospitals with higher registered nurse skill mixes and greater staffing levels was supported. However, the difficulty of obtaining accurate data regarding types and amount of nursing care was cited, and it was recommended that options be explored to improve reporting of nurse staffing. The authors, from the University of Iowa, investigated nurse staffing and patient outcomes in 42 inpatient nursing care units in a large university hospital. Acute care unit-level data were collected from hospital records to examine the relationships among total hours of nursing care; RN skill mix; and adverse patient outcomes, which included medication errors, patient falls, pressure ulcers, patient complaints, infections, and deaths. They found that the proportion of hours of RN care was inversely related to the unit rates of medication errors, pressure ulcers, and patient complaints. An unexpected finding was that as the RN proportion increased, the rates of adverse outcomes decreased, up to the level of 87.5%, after which adverse outcomes rates also began to increase. One explanation may be that better reporting resulted when more RNs were working. The authors used 2 existing databases that included 232 acute-care California hospitals and 124,204 patients in 20 surgical diagnosis-related groups to examine relationships between nurse staffing levels and adverse patient events, including patient falls, pressure ulcers, adverse drug events, pneumonia, urinary tract infection, wound infection, and sepsis. In addition, they sought to assess the consequences of adverse events in relation to morbidity, mortality, and cost. Findings indicated that appropriate RN staffing is a significant factor in some cases of adverse events; for example, a 10% increase in RN proportion was associated with a 9.5% decrease in the odds of pneumonia. In addition, adverse events were associated with significant prolonged length of stay, mortality, and cost. The author, a director of the Center for Health Outcomes and Policy Research, provides a discussion article about the implications for nurse managers of the recent plethora of research studies demonstrating links between nurse staffing and patient outcomes. Research issues such as logistics, patient outcome measurement, and results interpretation are discussed in simple terms, and implications for managers are reviewed. Methodological issues include accounting for differences in hospitals studied (size, location, population) and consistent, reliable staffing definitions and measurement. Patient outcome measurement issues include risk adjustment (ie, patients with confounding characteristics and conditions are separated out) and ensuring outcomes are truly nurse-sensitive (ie, have a logical connection to nursing care). While many studies demonstrate a link between nurse staffing and better patient outcomes, research data do not yet guide optimal staffing or skill levels. Implications for managers include the realities of budget allocation and adequate staff, the pros and cons of legislated staffing levels, and the challenge of finding ways to provide safe patient care and excellent management with limited resources. The authors, leaders of the California Nursing Outcomes Coalition (CalNOC), describe the structure of nurse staffing in 330 acute care units from 52 California hospitals, using data reported over 9 quarters between April 1998 and June 2000. Methodologies for data capture, stratification, and data definitions are reviewed. Findings revealed relatively stable staffing over the report time frame, although staffing distribution varied between stratified unit types. There were no significant differences between groups of hospitals stratified by average daily census to define hospital size, and there was wide variation in staffing across sites within the same unit type categories. This large nurse staffing review establishes a timely baseline as a background for monitoring patient care quality and outcomes. Of note is that California legislation has established nurse-topatient staffing ratios. The author, a critical care nursing instructor in an army medical center, conducted a review of current literature on the topic of nurse staffing and patient outcomes. The purpose of the review was to examine the effects of nurse staffing on various patient outcomes, including mortality, length of stay, and patient complications, against a backdrop of increasing nursing staff shortages. All of the articles reviewed demonstrate strong or significant inverse relationships between nurse staffing and a variety of patient outcomes. However, the author notes a need for clear, consistent operational definitions of nurse staffing, consistency in level of analysis (eg, unit-based, specialty, and/or hospital data), and a consensus for their inclusion in outcomes research. Recommendations for improved nurse recruitment and retention are also provided as a means to address the nursing shortage and to ensure safe nurse-to-patient ratios.
Annotated Bibliography
Kovner C, Gergen PJ. Nurse staffing levels and adverse events following surgery in U.S. hospitals. Image J Nurs Sch. 1998;30(4):315-321.
These researchers, originally from the Agency for Health Care Policy and Research, evaluated discharge data on adverse events from 589 acute care hospitals in 10 states, in relation to hospital-level data on nurse staffing for the same time frame. Nine postsurgical outcomes on the basis of ICD-9 codes were reviewed, inclusive of both nursesensitive and non-nurse-sensitive adverse events. RN staffing was defined as the proportion of fulltime equivalent RNs to total adjusted patient day. A significant inverse relationship was found between nurse staffing levels and specific nurse-sensitive postsurgical events that included urinary tract infections, pneumonia, thrombosis, and pulmonary compromise. In contrast, nurse staffing levels were not related to other adverse events considered nonnurse-sensitive, including acute myocardial infarction and gastrointestinal hemorrhage. This study is unique in its attempt to clarify nurse staffing and its relationship to avoidable adverse events, and emphasizes the importance of evaluating the effect of any clinical reorganization on patient care outcomes. These authors conducted a systematic review of the literature published between 1980 and 2003 about the effects of nurse staffing on patient, nurse employee, and hospital outcomes. The purpose was to determine whether the literature supports specific minimum nurse-patient ratios for acute care hospitals and whether nurse staffing is associated with patient, nurse employee, or hospital outcomes. Of the 2897 potential articles identified by the search criteria, only 43 met the inclusion criteria and were subsequently abstracted. The authors note abundant methodological and analytical problems and conclude as follows: minimal support exists for specific minimum nurse-patient ratios for nursing units in acute care hospitals; a probable relationship exists between richer nurse staffing and lower failure to rescue rates among surgical patients, lower inpatient mortality rates and shorter length of hospital stays with medical patients; no evidence supports relationships between nurse staffing and pressure ulcer incidence, patient falls, and nosocomial infections, among other patient outcomes. These authors used publicly available data from California and New York to test the feasibility of measuring adverse patient outcomes in acute care hospitals in relation to nurse staffing. Nursing intensity weights were used to acuity-adjust patient data. The nursing staff variables examined were total nursing hours per nursing intensity weightadjusted patient day and RN hours as a percentage of total nursing hours. The adverse patient outcomes of pressure ulcers, pneumonia, urinary tract infections, and postoperative infections were obtained from discharge data. Both higher nurse staffing and a higher proportion of RNs were significantly related to shorter lengths of stay. Lower adverse outcome rates were more consistently related to a higher proportion of RNs, although not always statistically significant. The authors note that while data quality and data timeliness were difficulties with this study, the use of publicly available data provide opportunities for nursing to measure its impact on patient outcomes. These military nurse researchers conducted a 3-month study to collect the ANA quality indicator data, including staffing data (skill mix and nursing care hours), and patient outcome indicators (falls, skin integrity, nosocomial infections, and patient satisfaction). The sample included 5 acute care units in a major military hospital, representing 872 patients and 5082 patient care days. Staffing data were obtained through the 24-hour nursing report, and patient data were obtained from medical records, a preexisting institutional form used to track falls, infection control records, and a satisfaction survey. Issues identified include a need for standardized and consistent definitions for staffing data. Normative benchmarks are needed for interpreting the data. Data collection time requirements were also burdensome. A recommendation for the future is the development of a database to capture and store data about staffing and relevant indicators. Authors cite database projects as models, such as the NDNQI and the CalNOC. Recommendations include nurse leaders working together to resolve staffing and quality care issues as the professional imperative of this decade. These researchers, from Canada and the United States, investigated specific patient outcomes in relation to nurse staffing models in 19 Canadian teaching hospitals. Five case mix groups were selected through consensus from an expert nurse advisory panel to focus on diagnoses requiring a high level of nursing care. Data were collected through interviews, questionnaires, survey tools, and hospital records. Patients' functional status, pain levels, and satisfaction with nursing care were examined in relation to 3 nurse staff mix models. While not statistically significant, a higher proportion of licensed nursing staff on inpatient units was associated with better health and satisfaction outcomes. An interesting finding in this study was that the all-RN staff model was not statistically significant for improved patient outcomes. The authors point out concerns with the validity of staffing data and the need for refinement of the variables used for measuring nurse staffing. These researchers, from the Center for Gerontological Nursing at the University of Minnesota, conducted a survey, which was mailed to 500 randomly selected administrative and clinical long-term care experts to determine whether the ANA quality indicators developed for acute care were relevant for long-term care facilities (LTC). While survey response (21%) was small, the majority of respondents believed that falls, pressure ulcers, and patient satisfaction with pain management, education, nursing care, and overall care were relevant to LTC facilities. Of these 6 nurse-sensitive indicators, respondents indicated that falls and pressure ulcers could easily be applied to a national long-term-care database of nurse staffing (Medicare and Medicaid's OSCAR). The survey indicated a need for modification and/or clarification of indicator definitions for use in LTC facilities, and the authors recommend further validation from a larger group of gerontological experts. Findings from this study suggest that LTC facilities can be part of the ANA Safety and Quality initiative by collecting and reporting nurse-sensitive indicators. These authors, from the Harvard School of Public Health, conducted a large-scale study using administrative data from 1997 for 799 hospitals in 11 states pertaining to over 6 million patient discharges, to examine the relationship between hours of care provided by nursing skill mix and patient outcomes. Nursing hours per patient day was used as a measure of nurse staffing levels, stratified by skill mix. Nursesensitive patient outcomes measured included deep vein thrombosis/pulmonary embolism, pneumonia, urinary tract infection, and pressure ulcers. Additional outcomes included mortality, patient length of stay, and failure to rescue. A higher proportion of hours of care per day, and a greater absolute number of hours of care by RNs for medical patients resulted in shorter lengths of stay, lower rates of urinary tract infection, gastrointestinal bleeding, pneumonia, and failure to rescue. Among surgical patients, a higher proportion and greater number of RN hours were associated with lower rates of urinary tract infections and failure to rescue. The authors conclude that a greater number of hours of care by RNs per day, and a higher proportion of RNs in the skill mix, are associated with better outcomes for both medical and surgical hospital patients. Following a successful 1-month feasibility pilot, researchers and clinicians at the 879-bed BarnesJewish Hospital in St Louis, Missouri, conducted a 1-year prospective study of nurse staffing variables with patient outcomes. The purpose was to provide a baseline measure of nurse-sensitive patient outcomes and to explain the relationship of those patient outcomes to key nurse staffing variables. Nurse staffing data included hours of direct nursing care per patient by skill mix and patient acuity. Patient outcome measures included patient falls, medication errors, patient report of self-care ability, and postdischarge patient satisfaction. Study results demonstrated that (1) a greater number of hours of nursing care by all categories of nursing personnel were associated with less patient distress, fewer problems with symptom management, fewer falls, and greater likelihood that patients would manage self-care; and that (2) a higher percentage of RN hours of nursing care were correlated with lower levels of pain, better perceived self-care ability, and postdischarge satisfaction. The purpose of this study was to provide objective, patient-focused, baseline data with which to evaluate the efficacy of nurse-directed changes in care delivery models. The authors, faculty at Chiang Mai University in Thailand, used data from a 2300-bed university hospital in Thailand to examine associations between in-hospital mortality and staffing variables. Variables examined included ratio of total nursing staff to patients, skill mix, and RN experience and educational levels. The authors found that the ratio of total nursing staff to patients was the best predictor of in-hospital mortality, while no significant relationship was found between in-hospital mortality and skill mix, RN experience, or education. Hospital-level data were retrospectively collected from 29 university hospitals in a study by University of Pennsylvania researchers looking at the impact of hospital restructuring on nursing structure, process, and selected patient outcomes. Nursing structure indicators were collected, including full-time equivalents for each type of nursing staff, skill mix, and hours worked per patient day for all staff. Process data was collected at the unit level from medical and surgical nursing staff, using 2 established survey tools on which respondents indicated their extent of agreement concerning the practice environment. Outcome data from the medical and surgical units included fall rate, nosocomial pressure ulcer rate, urinary tract infection rates, and patient satisfaction scores. Results demonstrated a decrease in the number of RN staff at both the unit and executive levels, with an increase in unlicensed assistive personnel. Increased RN staff hours had a positive effect on fall rates and patient satisfaction with pain management. There was a noted decrease in urinary tract infections when hours worked per patient day by all staff were increased. Interestingly, when the percentage of RN staffing was reduced, regionally adjusted labor costs per discharged patient actually rose. Although the authors hesitate to make staffing recommendations, this study highlights the importance of systematically collecting, reporting, and analyzing data to demonstrate the impact changes in nursing structure and process can have on patient outcomes. Researchers from the University of Pittsburgh School of Nursing collected data on nurse-sensitive patient outcomes (central line blood-associated infections, pressure ulcers, medication errors, falls, patient satisfaction with pain management by nurses, and restraint application duration rates) from 95 acute care units in 10 hospitals in the eastern United States. The purpose of the study was to describe and compare rates of specific indicators within and between 3 types of specialty units (ICU, intermediate care, and general medical-surgical). The authors found that central line blood-associated infections and restraint application duration rates accounted for the largest variance between units, while falls and pressure ulcers accounted for moderate variance. There were no appreciable differences between units for the other outcome measures. This study suggests that some outcomes are more specialtysensitive than others and provide better information when they are reported for a specific homogenous group rather than diluted with other patient results. The authors recommend continued exploration of methodology for risk adjustment in nurse-sensitive outcomes. The author, from the Cardinal Tien College of Nursing in Taiwan, conducted a retrospective review of hospital data from 21 medical-surgical nursing care units in a 1394-bed medical center in Taiwan. The purpose of the study was to examine the relationships between nurse staffing and adverse patient occurrences while controlling for patient acuity at the unit level. Nurse staffing variables included daily average hours of care, ratios of RNs to patient census, workload index, and skill mix. The 5 patient outcomes variables included patient falls, pressure ulcers, respiratory tract infections, urinary tract infections, and patient/family complaints. Data were gathered from hospital statistics, incident reports, infection control records, and hospital satisfaction surveys. The author's hypothesis of a relationship between nurse staffing and patient outcomes was supported. Lower adverse patient occurrences were more consistently related to a higher proportion of RNs. Workload alone was a powerful predictor of the 5 adverse patient outcomes. The author used acuity levels for risk adjustment but noted that controlling for unit type (as in the Whitman article cited above) may also be important.
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Conclusion
In sum, the evidence for relationships between nurse staffing and patient outcomes is mixed. International research, as annotated above and published in American journals, shows that specific elements are required for determining such evidence. Issues that remain challenging for improving this science include clarity of definitions, data sources, instrumentation, data collection methodology, analytic strategies, risk adjustment and stratification, and patient populations. Of note is that existing databases of nursingsensitive quality indicators hold promise for future research-ANA's National Database of Nursing Quality Indicators, California Nursing Outcomes Coalition, Military Nursing Outcomes Database, and VA Nursing Outcomes Database. The groups involved are working independently as well as collaboratively to develop nursing-sensitive quality indicators, common definitions, and standardized methods for eventual comparison with which to explore, test, and identify best practices for improving the nation's healthcare.
